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Digboi Refinery is the world’s oldest refinery in simple form which is producing oil since 1889 till present with its modernized setup. 
Its first well was dug manually during 1889 and crude oil was found at 54m depth only. This phenomenon has encouraged establishing 
an industry on oil producing business, and accordingly a form of first refinery was comeout in 1889.  
 
The Digboi Refinery modernization project was taken up in large scale in order to overcome the technological obsolescence of the old 
refinery. Subsequently a number of other major projects were undertaken by Assam Oil Division to further revamp and modernise 
Digboi Refinery, which is in fact commissioning during 2007 onward as a completely modernizied refinery.  
 
Geotechnical investigations for this modernization project was started during 1987 and completed during 1992. As a whole the 
investigation works were completed under time bound work of three different phases of investigations with various engineering 
requirements. Besides laboratory investigations, field investigation includes mainly boreholes with SPT, DCPT, SCPT, VST, CBRT 
and Block vibrations tests. After careful studies, based on the field and laboratory investigations various types of shallow and deep 
foundations were suggested. Design and constructions were made based on the suggestion provided more particularly to overcome the 
problems pertaining to the high seismicity of the area and potential to dynamic liquefaction point of view and executed the same at site 






History of Digboi Refinery in General 
 
Digboi Refinery is located in far northeast corner of Assam, 
India. Its geographical location includes an area of latitudes 
27°23′N to 27.38°N and longitude 95°38′E to 95.63°E. It has 
an average elevation of 165 metres above msl. It is situated 
510 km north east of Guwahati city the central place of North 
East Region (NER) of India. 
 
More than a century ago just before the World War I, history 
of oil business was begun in the midst of the dense and 
malaria infested jungles by a band of intrepid pioneers 
searching for black gold. Italian Engineers, commissioned by 
the Assam Railways and Trading Company, which established 
Tea Gardens, Coal Mines and Timber Mills in the NER of 
India, accidentally discovered oil at Digboi. Accordingly, the 
first commercially viable well in India, known locally as well 
No.1, was successfully drilled in September, 1889 and first 
model refinery in India was built and commissioned in 
December, 1901 to supplant a small "betch-still" refinery in 
Margherita. Figure 1(a, b & c) depicting some aspect of 
premitive refinery.  
 
When oil was discovered in Digboi there was no habitation in 
its immediate neighborhood. The jungle was dark and 
swampy. The forest was so thick and the undergrowth so 
dense that sunlight could never reach the ground. Once oil was 
found, the dense jungle made way for the growth of the oil 
industry in India. ‘Dig-boy-dig’, shouted the Canadian 
engineer, Mr W L Lake, at his men as they watched elephants 
emerging out of the dense forest with oil stains on their feet. 
This is possibly the most distilled – though fanciful – version  
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Fig. 1 Depicting old refinery (1889-1901) as (a) Digboi Refinery at the initial stages (b) First Commercial 
Viable well in India locally known as Well No.1 (c) "Betch-still" use in Margherita Refinery Unit 
 
 
   
 
Fig. 2  Depicting present day (2007) Modernised Digboi Refinery  
 
 
of the legend explaining the sitting and naming of Digboi. 
Over the past 100 years, Assam Oil Division and the 
petroleum industry of India with Digboi as its nucleus has 
been very much a part of this existing period. While looking 
back on the past with respect and to the future with 
confidence, it is here how Digboi Refinery was successful in 
meeting the needs and challenges of the times, and how 
Digboi Refinery played a role in shaping and developing 
history over the past 100 years. Digboi is now Headquarter of 
Assam Oil Division of Indian Oil Corporation Limited.  
 
The Earliest recorded to the existence of oil in India is found 
in the memories and dispatches of the Army Officers who 
penetrated the jungles of Upper Assam since 1825. Lt. R. 
Wilcox, Major A. White, Capt. Francis Jenkins, Capt. P.S. 
Hanney -- they all saw at different times, petroleum exuding 
from banks of the river Dehing. Mr. C.A. Bruce (1828) and 
Mr. H.B.Medicott (1865) of the Geological Survey of India 
also saw oil while prospecting for coal in Upper Assam. Mr. 
Goodenough of McKillop, Stewart & Co. Calcutta was the 
first in India to start a systematic programme of drilling for oil 
in November,1886, at Nahorpung about 30 miles south east of 
Dibgoi, just seven years after the World's first commercial oil 
well was drilled in 1859, by Col. William Drake in 
Pennsylvania, USA. This hand dug well-first oil well in India 
was drilled upto 102 feet and proved dry. However, the second 
well, struck oil at Makum near Margherita, about 8 miles from 
Digboi. The Assam Railways & Trading Company while 
extending the Dibrugarh-Sadiya Railway line upto their coal 
fields in 1882 came across oil seepage near work sites around 
present Digboi. Although drilling for oil first began in 1886, 
by Assam Railways and Trading Company, it was not until 
1889 that the first commercially viable well was struck at 
Digboi. India's petroleum industry thus started taking shape 
with the commercially successful discovery of oil in Digboi. 
Assam Oil Company (AOC) was formed in 1889 to take over 
the oil interest of the Assam Railways & Trading Company 
and the Assam Oil Syndicate, who had carried out the early 
drilling in the area. The Digboi refinery, commissioned in 
December, 1901 is today India's oldest operating refinery. The 
Digboi oil field produced close to 7,000 barrels per day 
(1,100 m
3
/d) of crude oil at its peak, which was during World 
War II. Over the 100 years it has undergone a transition from 
being an age old refinery to one with state-of-the-art 
technology comparable to any modern refinery. 
 
 
Present Day Digboi Refinery 
 
Digboi Refinery Modernization Project (DRMP) was started 
during 1987 with its soil investigation work. It was taken up in 
large scale in order to overcome the technological 
obsolescence of the old Digboi refinery. Subsequently a 
number of other major projects were undertaken by Assam Oil 
(a) (b) 
(c) 
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Division (AOD) to further revamp and modernise old Digboi 
Refinery. This includes the Wax Hydro-finishing Unit 
(WHU), the Solvent Dewaxing and Deoiling Unit (SDU), 
Hydrotreater, Vacuum Residue Short Path Distillation 
(VRSD). Subsequently, Digboi refinery has been awarded the 
ISO-14001 and OHSMC certificates (Fig. 2). Digboi is now 
Headquarter of AOD of Indian Oil Corporation Ltd.  
 
 
Geotechnical Investigation in Brief at DRMP 
 
Geotechnical investigation carried out for the DRMP site on 
behalf of General Manager, Indian Oil Corporation Ltd 
(IOCL), Assam Oil Division, Digboi. The investigations for 
DRMP site were carried out in three phases viz, preliminary 
investigation for 12m depth, investigation for additional 
requirement for 25m depth and final investigation (phases II) 
for 21 m depth. Field investigations were carried out in the 
months of July to August 1987, January to April 1988 and 
June to September 1989 respectively. Figure 3 (a&b) shows 
the overall Digboi refinery with proposed DRMP site 
depicting the locations of almost all kinds of field tests carried 
out during that period in plan and sectional elevation 
respectively. The whole investigations were time bound and 
the interim reports for the final investigations were submitted 
as per tight schedule drawn up by the Chief Project Manager, 
IOCL, (AOD). Whole DRMP site is subdivided for through 
investigation into 15 numbers of sub-area based on the actual 
structures to be constructed therein. The sub-areas and the 
field tests carried out with in them are as under: 
 
1. Filter water reservoir unit (H-1 and H-2). 
2. D.M Tanks and plants area (B-4, B-5, H-3 and SCPT-15) 
3. Utility sub-station area (BH-11 and H-4) 
4. Power plant area (B-6, H-5, H-6, H-7, H-8 and SCPT-14) 
5. C.W pumps, C.W.F and Cooling tower unit (B-7, H-9 and 
SCPT-13) 
6. F.W Tank unit (H-10, H-11 and SCPT-11). 
7. F.W. Power house unit (BH-10 and SCPT-12). 
8. Compressor station and Nitrogen plant unit (BH-9, B-7,  
H-12 and H-13). 
9. Fire station unit (H-14) 
10. Control room and substation unit (BH-6, H-15 and  
SCPT-10). 
11. Reformer unit (Entire area was an uneven land having 
ridges and depressions covered by surface water and 
vegetation which includes H-16, H-17, H-18, H-19, 
SCPT-8 & 9, DCPT-1 & 2). 
12. V.D.U and C.D.U unit (Entire area was an uneven marshy 
and sludgy land having ridges & hillocks and depressions 
covered by surface water and vegetation which includes 
BH-1, B-2, H-21, H-22, H-23, SCPT-5,6,7 and DCPT-
3&4). 
13. Feed stock tank and Dyke unit (B-1, H-24, H-25, SCPT-1, 
2, 3 & 4, DCPT-5&6). 
14. Pipe track area (Entire area was an uneven land having 
ridges and depressions enters into the existing refinery 
plant which includes H-26, H-27, H-28 & H-29). 
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DIGBOI  REFINERY 
MODERNISATION SITE 
: LEGEND : 
 1. 1st Preliminary Investigation:  
     © BH_ Boreholes upto 12m depth 
 2. 2nd Investigation (Addn. requirnt):  
      B_ Boreholes upto 25m depth. 
 3. Final Investigations:  
     O B-Boreholes upto 21m depth. 
     Static Cone Penetration Test (SCPT) 
      Dynamic Cone Penetration Test  































Fig. 3(a)  Showing the then  proposed DRMP site and part of Existing Digboi Refinery during 1989 




B - 9 B - 7
H - 1 7
H - 1 3
H - 1 2




Office H - 2 4
H - 2 5
H - 2 3B - 8
B H - 8 B H - 7 B H - 1
B H - 9












































Fig. 3(b)  Sectional view through A-B line in Fig. 3(a) showing the proposed DRMP site and part of existing Digboi Refinery 
 
It was revealed from the investigations that the subsoil mainly 
consists of fine grained soil of low and medium plasticity to 
non-plastic silty-sand. No coarse grained sand or gravel 
deposits were found. Soil pockets filled with very soft clayey 
silt or silty-sand, oily substances, decomposed or semi-
decomposed vegetation were also found in some areas. Void 
of soil mass was identified in some locations which is the 
result of dynamic soil liquefaction due to old earthquakes. 
Safe Bearing Capacity (SBC) of the investigated subsoil was 
found in the range from 1.5 to 7 t/m
2
 at various depths and the 
values with respect to 25mm, 40mm and 60mm settlements 
were recommended for isolated footings of different sizes. Pile 
foundations of different types were recommended for some 
areas with heavy loading structures due to poor bearing 
capacity at shallow depths and to overcome the liquefaction 
zones. Consolidation properties of the subsoil, the time for 
90% settlement and historical loading conditions of the areas 
were also established. Settlement characteristics including 
consolidation and elastic settlements at centre and periphery 
for R.C.C. circular oil storage tanks were calculated in detail 
and recommendations for reduction of high degree differential 
settlements were included. Recommendations regarding site 
preparation including placement and compaction of fill 
materials required to bring the uneven hilly site level to final 
grade level and for road pavements were also furnished. 
 
 
GEOTECHNICAL INVESTIGATION IN PARTICULAR 
 
 
Description of Site and General Geology of DRMP Site 
 
The site for the proposed (during 1987) Digboi Refinery 
Modernisation Project (DRMP) is situated on the southern part 
of the existing Digboi Refinery plant. Tinsukia-Ledo railway 
line and the State P.W.D. road touch the proposed site in 
western side. Digboi railway station is located near the south-
west corner of the site. 
 
The topography of the entire site is characterised by small 
hillocks and valleys with depressions partly filled up by 
surface water and jungles (Fig. 3.b). Location of boreholes 
(marked as BH, B and H) and other field tests for the three 
stages investigations are shown in site plan (Fig. 3.a) along 
with the refinery building units of various natures.  
 
General geology of the DRMP site comprises of small hillocks 
forming the part of the Nagahill ranges. The highest hillock is 
about 200m high above mean sea level (msl). The structural 
formation of top of the area is mainly laminated bends of clay, 
silt and sand-stone of recent age of alluvium deposit and the 
bed rock is of Barail group of Oligocene to Pliocene age. The 
bed rock is characterised by a sharp anticline runs in WSW-
ENE direction and both the flanks having different dips 
ranging from 90° to 60
0
. General geology and seismic activity 
of DRMP site is furnished in Appendix. 
 
 
Detail Scopes of Works for Thorough Investigations 
 
Whole investigations were carriedout under two major 
different phases, viz., Phase-I.a: Preliminary Investigation, 
Phase-I.b: Additional requirements and Phase-II: Final 
investigation. 
 
Scopes of Field works 1. Preliminary Investigation under 
Phase-I.a, covered the following scopes of field works, 
location of which are shown in Fig. 3(a&b). 
(a) Boreboles (designation BH): 11 nos upto the maximum 
depth of 12m. 
(b) Dynamic cone penetration tests (DCPT) upto 12m - 9 nos. 
(c) Standard penetration tests (SPT)  in each borehole upto the 
depth of boring. 
(d) Collection of disturbed and undisturbed samples from 
boreholes. 
(e) Collection of soil and water samples from boreholes for 
chemical analysis. 
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(f) Observation of ground water table. 
 
Scopes of Field works -2. Investigation for additional 
requirements under Phase-I.b covered the following scopes of 
field works, location of which are shown in Fig. 3(a&b). 
(a) Boreholes (designation B): 9 numbers upto a depth of 25m. 
(b) SPT in 8 boreholes upto the depth of boring. 
(c) DCPT upto refusal - 1 no. 
(d) Collection of disturbed and undisturbed soil samples from 
the boreholes for laboratory analysis. 
(e) Observation of ground water table. 
 
Scopes of Field works - 3. Final investigation in Phase-II 
covered the following scopes of field works location of which 
are shown in Fig. 3(a&b). 
(a) Boreholes (designation H): The position of 24 nos of 
boreholes (21m depth) were fixed based on actual 
location of the proposed structures (Fig. 3.a). 
(b) SPT and collection of disturbed and undisturbed soil 
samples from boreholes for laboratory analysis. 
(c) Static cone penetration test (SCPT) – 16 nos. 
(d) In-situ vane shear test - 7 nos. 
(e) Field permeability test - 2 nos. 
(f) Field CBR test – 4 nos. 
(g) The electrica1 resistivity test and dynamic soi1 tests 
(h) DCPT (6 nos). 
(i) Observation of ground water table. 
 
Scopes of Laboratory works. Following laboratory 
investigations works were performed for almost all phases of 
investigations: 
(a) Grain size analysis by  
(i) Sieve analysis test, and  
(ii) Hydrometer analysis test 
(b) Atterberg’s limits test 
(c) Natural moisture content test 
(d) Bulk density (Dry and wet density) test. 
(e) Specific gravity and void ratio test.  
(f) Triaxial compression test 
(i) Drained test and  
(ii) Undrained test 
(g) Direct shear test. 
(h) Unconfined compression test. 
(i) Permeability test. 
(j) Uniaxial consolidation test. 
(k) Proctor density test 
(l) CBR test   
(i) 4-days Soaked CBR and  
(ii) Unsoaked CBR 
(m) Chemical analysis of soil and water samples 
 
Scopes of works for Recommendations. Following 
recommendations were prefixed for the 3 stages 
investigations. 
(a) Geological information of the region. 
(b) Past observation and historical data, if available for the 
area or other areas with similar soil profile or for similar 
structures in the surrounding area if existing. 
(c) A set of longitudinal and transverse soil profiles 
connecting various boreholes shall be presented in order 
to give a clear picture of the areas to show the variation of 
subsoil. 
(d) Recommended type of foundation for various structures 
duly taking into account the tolerable settlements, 
presence of ground water table also minimum depth of 
foundation. 
(e) Net safe bearing capacities of strata for various widths of 
square foundation of sizes 1m, 1.5m, 3m, 3.5m, 6m and 
10m for proposed foundation depths of 1m, 2m and 3m 
below normal ground level for an allowable settlement of 
25mm, 40mm and 60mm. The backup calculation shall be 
appended in the report. 
(f) Ultimate settlement from consolidation properties and time 
for 90% settlement shall be determined, immediate 
settlement and bearing capacities from SCPT shall also be 
recommended (as per minutes of 1st meeting held among 
IOCL (AOD), EIL and RRL-J on 22 & 23 August, 1989 
at Digboi).  
(g) Recommended type of piles, size and pile capacities in 
vertical, lateral and pullout based on soil parameters if 
piling is considered necessary. 
(h) Comments on chemical nature of ground water and soil 
with due regard to its potential ill-effects on concrete and 
steel and firm recommendation on protective measures. 
Also remedial measures for sulphate attack due to acidity 
shall be dealt in detail giving clear practical 
recommendations. 
(i) Recommendations regarding design and construction of 
roads and other paved structures and also suitability of 
soil for back filling foundation; 
(j) Recommended laboratory CBR values for filled up soil and 
field CBR values for both soaked and unsoaked 
conditions. The compaction characteristics of soi1 
proposed to be used for filling below road pavements and 
back filling of foundations have to be furnished. 
(k) Recommendation related to site preparation including, 
classification, placement and compaction of fill materials 
required to bring the general site level to final grade level 
if so required. Recommendations regarding excavation, 
stabled slopes for excavation, dewatering and method of 
dewatering if warranted. 
(1) Recommendation regarding co-efficient of permeabi1ity of 
various subsoil strata based on laboratory and in-situ 
permeability test. 
(m) All field and laboratory test results plotted against depth 
as wall as in tabular form. 
 (n) Tank settlements both at centre and periphery are to be 
computed. If the soil investigation calls for ground 
improvement in view of the above requirements, 
suggestion regarding method of ground improvement 
should be furnished in the reports. 
(o) A preliminary examination regarding susceptibility of Sub-
soil strata to liquefaction in the event of earthquake. 
(p)  Comments on chemical nature of ground water and soil 
with regard to their effect on concrete and steel. 
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RESULTS OF FIELD AND LABORATORY TESTS 
 
 
Result of Various investigations in General 
 
 
Boreholes and Other Tests. The whole investigations include 
44 numbers (nos.) of boreholes, 16 nos. of SCPT, 16 nos. of 
DCPT, 7 nos. of field vane shear test, 4 nos. of field CBR test, 
2 nos. of field permeability tests, 2 Block vibration tests and 
electric resistivity tests were carriedout as per relevant IS: 
codes of practices to ascertain the geotechnical soundness of 
the proposed DRMP site along with SPT in each boreholes 
upto depth of refusal. Laboratory investigations cover almost 
all possible tests. Recommendations cover all forms of 
requirements of the designers. It is not possible to present all 
the tests result and recommended values with suggestions here 
in this paper. Hence, representative values of various tests 
results were prepared and are given in tabular form in Table 1 
for comprehensive understanding of the geotechnical sounding 
of the then proposed DRMP site. 
 
 
CBR-Value Tests: Similarly, Table 2 gives an account of the 
comparison of field and laboratory CBR values. 
 

























































































Grain size analysis (By Sieve 
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2.561 22 1.97 100 98 75 28 56 16 MI 0.155 5.34 2.00 0.25 15.0 - - 6.0 t/m2 
Borehole (H-7) 
2. at 1.65-1.95 
2.620 27 1.95 100 85 50 - - - CL - - - 0.34 4.4 - - 
5.5 t/m2 3. at 4.65 – 5.10 2.580 31 1.95 100 89 69 29 53 18 CL 0.230 4.51 2.05 0.48 0.0 10 6 
4. at 7.65 – 7.95 2.600 24 1.98 82 59 13 - - - CL - - - 0.08 27.0 7 11 
 5. at 13.65 – 14.15 2.680 19 2.14 100 98 49 30 57 13 CL 0.089 87.0 2.50 0.38 14.0 17 22 
Borehole (H-10) 
   6. at 1.60-2.05 
2.630 33 1.98 100 96 72 - - - CI - - - 0.22 10.5 - - 
4.0 t/m2 7. at 3.20 – 3.65 2.610 31 2.00 100 97 75 18 59 23 CI 0.228 4.78 3.15 0.33 7.5 11 6 
8. 6.16 – 6.60 2.600 25 1.98 100 99 97 - - - CI - - - 0.30 8.0 8 8 
9. at 9.25 – 9.70 2.570 22 1.99 100 98 87 - - - ML - - - 0.16 28.0 18 23 
Borehole (H-17) 
10. at 1.50-1.95 
2.600 36 1.92 100 98 76 - - - CL - - - 0.17 3.0 - - 
4.0 t/m2 11. at 4.55 – 5.00 2.570 22 1.98 100 99 96 - - - SM - - - 0.00 31.5 12 11 
12. at 7.50 – 7.80 2.640 26 1.96 100 84 71 3 93 4 MI 0.136 4.74 1.32 0.44 5.0 15 19 
13. at 10.60 – 11.0 2.590 20 1.99 93 81 20 - - - MI 0.187 5.51 2.70 0.00 34.2 27 37 
Borehole (H-21) 
14. at 6.55-7.00 
2.610 23 2.16 99 93 78 0 93 7 ML 0.273 3.65 3.16 0.50 8.0 12 15 
6.0 t/m2 
15. at 12.05 – 12.50 2.630 24 1.99 100 97 94 - - - CI 0.228 7.73 1.23 0.57 6.5 17 30 
Borehole (H-24) 
16. at 4.25-4.60 
2.630 40 1.90 100 90 63 1 97 2 CI 0.239 11.4 1.30 0.53 5.7 19 17 
9.5 t/m2 
17. at 7.20 – 7.50 2.610 34 2.03 100 92 85 - - - CI 0.174 6.85 1.85 0.40 0.0 17 20 
Borehole (H-26) 
18. at 1.85-2.30 
2.600 28 1.92 87 68 57 27 65 8 CL 0.261 12.4 1.25 0.18 7.5 1 1 
4.0 t/m2 19. at 5.15 – 5.60 2.550 20 1.88 100 87 58 - - - ML - - - 0.05 15.0 6 7 
20. at 7.55 - 8.00 2.570 19 1.89 100 82 44 - - - SM - - - 0.00 21.3 11 13 
21. at 11.85-12.30 2.590 37 1.85 100 100 91 6 93 1 CI 0.282 9.89 1.75 0.11 12.3 19 25 
Borehole (H-29) 
22. at 1.90-2.35 
2.620 33 1.94 100 98 86 22 78 0 CL 0.218 5.42 2.62 0.25 6.0 10 7 
4.0 t/m2 
23. at 4.20 – 4.50 2.560 24 2.00 100 98 28 - - - SM - - - 0.00 26.4 9 13 
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Laboratory Test Results 
Field CBR-
values at 












1. CBR-1 CI 17 1.65 6 8 
1.24 at 
0.25 
2. CBR-2 CI 15 1.62 7 8 
1.29 at 
0.30 
3. CBR-3 CI 17 1.53 5 8 
1.29 at 
0.20 




Chemical Tests: Results of chemical test of soil and water 
samples are another aspect of the investigation. Value varies 
extensively w.r.t their locations. The reasons for such variation 
may be the DRMP site is closed to existing refinery which 
runs for about 80 – 90 years before investigations. Table 3 and 
Table 4 give such values respectively.  
 
Table 3. Result of the Chemical analysis of Soil samples of 
DRMP site 
 
Constituent determined  
(in percentage (%) 
basis) 











1. Moisture content 1.15 2.10 3.50 3.01 4.43 
2. Loss of Ignition 3.10 4.30 5.10 5.10 6.25 
3. Organic matters 8.10 4.10 2.35 0.20 0.51 
4. Crude oil & Wax 2.80 1.50 0.50 0.07 0.02 
5. Water soluble salt 0.20 0.21 0.35 0.20 0.32 
6. Silica as SiO2 58.50 67.10 65.50 66.30 60.72 
7. Total Iron as Fe2O3 3.85 5.50 4.50 12.50 6.30 
8. Aluminium as Al2O3 16.10 11.50 13.50 11.65 18.10 
9. Calcium as CaO 0.50 0.35 0.65 0.50 1.32 
10. Magnesium as MgO 0.75 0.41 0.90 0.20 0.90 
 
 
Table 4.  Result of the Chemical analysis of water samples of 
DRMP site 
 
Constituent determined  
Location of water sample in 
BH-2 BH-3 BH-6 B-1 B-9 
 1. pH values 7.72 7.63 8.51 9.93 8.30 
 2. Turbidity on silica  
  scale as SiO2 (in ppm) 
8.00 560.0 3.20 8.50 6.10 






 4.Phenolpthalein alkali- 
  nity as CaCO3 (in ppm) 
Nil Nil 20.00 85.00 25.00 
 5.Methyl orange alkali-   







 6. Calcium as Ca  
    (in ppm) 
6.84 5.32 55.48 48.00 21.00 
 7. Magnesium as  
    (in ppm) 
1.37 0.92 3.21 28.00 15.00 
 8. Total hardness as  







 9. Iron content as Fe  
    (in ppm) 
2.30 42.30 4.80 2.00 1.50 
 10. Sulphur as SO4  
    (in ppm) 
50.00 Not  Not 15.50 12.00 
 11. Chloride (in ppm) 2.80 4.80 9.80 3.50 2.10 
 12. Specific electrical  
   conductance(in Mhos) 






Settlements for Tank foundation. In the investigation, 
calculation and estimation of the oil storage tanks of different 
sizes bears another aspect of the total efforts. In the tank 
location subsoil encounters are mostly soft or loose layers for 
which the immediate i.e. quick settlements reveals very high 
grade of settlements. Since all the foundations of tanks are 
RCC, hence, it demands minimum differential settlements. 
The estimated values of differential settlements for all forms 
of tanks are presented in tabular form in Table 5.  
 
 
Table  5.  Differential settlement of Circular Oil Storage Tanks in DRMP site 
 
Description of Oil Storage Tanks 
















of tank in 
(metre) 












Tank-1 H-24 & SCPT-1 16 18  273.1 72.1 90.94 43.98 354.04 116.08 1/36.3 
Tank-2 H-25 & SCPT-2&3 16 18  325.4 91.9 90.90 43.98 416.34 135.88 1/32.1 
Tank-3 H-25 & SCPT-3&4 16 18  524.9 148.8 225.42 89.49 750.32 238.29 1/17.6 
Tank-4 H-10 & SCPT-11 16 18  231.1 57.8 344.10 195.40 575.20 253.20 1/27.9 
Tank-5 H-11 & SCPT-11 16 18  384.1 127.0 344.10 195.40 728.20 322.40 1/22.2 
Tank-6&7 H-3, B-5 & SCPT-15 13 15  375.9 114.5 568.13 239.64 944.03 354.14 1/12.7 
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Net SBC (in t/m
2
) for 
limited settlement of 
25 mm 40 mm 60 mm 
1. 
Filter water reservoir unit: 
Remarks: The site shows differential settlement. 
Subsoil near H-1 is better & denser than that near 
H-2. Due to presence of  2.5m thick soil layer 
carrying oily and undecomposed materials the SBC 
reduces  
H-1 & H-2 
1m 
1m x 1m 
3m x 3m 
6m x 6m 














1m x 1m 
3m x 3m 
6m x 6m 














V.D.U and C.D.U. unit: 
Remarks: This unit site will be founded on a quit 
uneven and marshy land in present state. Despite 
having the area covered by SCPT-5, 6 & 7 is on the 
slope of a hillock. Areas near H-21, 22 and 23; and 
DCPT-3 & 4 are on the ridge of marshy & sludgy, 
the subsoil condition is quite stiffer and denser 
except the surface condition of DCPT-3&4.  The 
depth of surface water was found 650 mm above 
NGL and the maximum thickness of very soft layer 






& 7 and 
DCPT-3&4. 
1m 
1m x 1m 
3m x 3m 
6m x 6m 














1m x 1m 
3m x 3m 
6m x 6m 














1m x 1m 
3m x 3m 
6m x 6m 














Table 7. List of bearing capacities and type of pile foundations 
for some unit of DRMP site. 
 
Capacities of Piles  in Tonnes 
Safe Load from shear 
parameters 
Sl. No. and 
Area of structural unit 












Safe load in 
compression 
For 6.0 m long – 400 mm dia. Under reamed Pile 
1. Filter water reservoir  
    Unit:  
   (H-1, H-2 & SCPT-15) 
29.75 13.5 3.3 55.0 
2. Fire station unit: (H-14) 28.71 13.5 3.3 - 
3. F.W. Pump House unit:    
    (BH10 & SCPT – 12) 
22.70 13.5 3.3 43.0 
4. Utility sub-station:  
    (BH-11 & SCPT-14) 
29.20 13.5 3.3 54.0 
5. VDU & CDU Unit:  
   (H-21, 22 & 23; and   
    SCPT – 5, 6 & 7) 
28.70 13.5 3.3 51.0 
6. Pipe track area: (H-26, 27,  
     28 & 29; and SCPT – 7) 
28.71 13.5 3.3 53.0 
For 15 m long – 450 mm dia. Bored pile 
7. Compressor station:  
   (H-12 & 13; and SCPT–10) 
102.0 21.0 4.0 128.0 
8. Control room complex: 
   (H-15 and SCPT -10). 
100.0 21.0 4.0 128.0 
9. VDU & CDU Unit:  
   (H-21, 22 & 23; and   
    SCPT – 5, 6 & 7). 
100.0 21.0 4.0 113.0 
10. Pipe track area: (H-26, 27,  
     28 & 29; and SCPT – 7. 
100.0 21.0 4.0 113.0 
 
 
Estimation of SBC and Recommendation. On the other hand, 
the estimation of net SBC for shallow foundations where ever 
demands by the then proposed structures, were calculated unit 
area wise based on field and laboratory investigation data at 
par guidance of the relevant IS: codes of practices. For 
instances, Table 6 is giving such values of recommended SBC. 
It is evident that SBC values reveal poor to very poor 
magnitudes. Similarly, Table 7 gives the list of various pile 
capacities of different kinds of piles.  
 
Dynamic Properties from Block Vibration Test. On the other 
hand, the dynamic properties of the subsoil in particular 
specified locations of DRMP site depicting another picture of 
the general geotechnical aspects as well as dynamic aspect of 
subsoil. 
 
It was observed and found that the layers of silty-sand situated 
closer to the foundation level of a structure provides more 
damping effect than that of non-existence. Table 8, Table 9 




PROBLEMS IDENTIFIED AND THEIR SOLUTIONS 
 
Pertaining to the total geotechnical investigations carried out 
through 3 phases to estimate the geotechnical sounding of the 
then proposed DRMP site, it identified many problems which 
were evidencing by the field and laboratory test results 
reported in details in the original geotechnical investigation 
report for DRMP [Bayan, at el, 1990]. Of many, followings 
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are countable: 
 Bearing capacities and settlements.  The whole DRMP 
site bears poor to weak safe bearing capacities. Table 6 
evidences some examples. For simple light structures 
improvement of SBC was done by soil replacement and 
mechanical compaction. But for heavily loaded structures 
like VDU, CDU, etc. piling were constructed. Table 7 
gives an account of the capacities of two different pilings 
based on the shear parameters and SCPT results. Pile 
foundations were provided as suggested for almost all 
kinds of medium to heavy loaded structures but with a 
little variation. The variation is in the type of piling. 
Instead of bored in-situ-caste piling, power driven in-situ 
casting piles with steel casing were installed upto required 
depth. Such variation was made to take care of those areas 
where the site is susceptible to liquefaction due to high 
earthquake (Appendix). On the other hand, to reduce the 
differential settlements in tanks area (Table 5), soil 
replacement and simple mechanical compaction were 
adopted with normal type of tank foundation, which is 
differ from that kind of building foundation.  
 
 Seismicity and dynamic liquefactions: Traces of old 
liquefaction were recognised by SPT in some boreholes 
during investigation in closer to H-19 and SCPT – 8 of 
DRMP site. About 2.0m free fall of SPT pipe was 
recorded by me on the spot during 1991, which carries 
evidence of existence of void (i.e. cave) created by 
dynamic liquefaction due to old earthquakes underneath 
the surface at about 8.8m depth. The evidence has closer 
acceptance by SPT values of H-19 and observed values of 
SCPT – 8. Figure 4 shows the part of the SCPT – 8 of 
DRMP site. Hence, evaluation of seismicity and ground 
acceleration of DRMP site is an important aspect which is 
given in Appendix in brief. 
 
Figure 4. Static cone penetration test result for SCPT – 8 
(Termination depth 15.4 m) 

























For Location-1 (Result from Vertical Resonance Test: 
40 39 17.960 18.094 0.636 
104 39 17.960 18.094 0.705 
140 39 17.960 18.094 0.760 
For Location-2 (Result from Vertical Resonance Test: 
40 38 17.046 17.172 0.605 
104 38 17.046 17.172 0.816 
140 40 18.888 19.028 0.537 
 
 
Table 9. Elastic properties of subsoil DRMP site from 






















For Location-1 (Result from Horizontal Resonance Test: 
40 26 1.196 2.408 
104 25 1.106 2.228 
140 30 1.593 3.207 
For Location-2 (Result from Horizontal Resonance Test: 
40 26 1.196 2.408 
104 25 1.106 2.228 
140 30 1.593 3.207 
 
  









23.22 Sq.m base 











in kg/cm3 18.094 4.2014 x 10
4
 








 Chemical test of soil and water. It is ascertained from the 
results of tests (Table 3 & 4) that the DRMP site bears 
higher pH values, which indicates more acidic action of 
water and soil. Hence it may cause harm to concrete as 
well as in reinforcing steel bars of RCC. As a solution to 
such chemical problem, lime was added round the 
 
 Paper No. 1.02c              10 
foundation trenches to neutralise the high value of acidic 





During and after the construction of various substructures of 
DRMP units, followings have been observed:  
 
 During leveling uneven ground of the then proposed 
DRMP by cutting down the hillocks (Fig. 3.b), all kinds 
of marshy land, soil layers with decomposed, 
undecomposed vegetation and oily substances have been 
removed and filled up with good soil reveals from the 
uphill ground. 
 
 All forms of pile foundations are power driven in-situ-
caste pile with steel casing with recommended values. 
 
 Foundation trenches were well treated by lime. 
 
 No great earthquake has rocked the DRMP site during 
and after development of DRMP till date with estimated 
magnitude of 7.5 M Richter or more. Hence, foundation 
tilting or subsidences is not found reveal till date. 
 
 It is expected that all the foundation of each unit of 
present DRMP (Fig. 2) will behave well with expected 
high earthquake of magnitude closer to M 8.6 Richter 
(Appendix). 
 
 Tank foundations are behaving uniformly revealing no 





With the results of very high grade and meticulous 
geotechnical investigations the then proposed DRMP site was 
developed with modern techniques. Hence, the present study 
may reveal the following conclusions:    
 
1. It was a challenging job for geotechnical as well as design 
engineers to develop DRMP in such a site having subsoil 
comprises hillocks of laterite soil, plain ground dumping 
with 100 years fully run refinery wastage materials 
including decomposed and un-decomposed vegetations, 
fully marshy land of organic matters bearing surface 
water of 1.5m to 2.0 m depth. Hence, 3phase geotechnical 
investigations were made to identify the weaknesses.. 
 
2. It was also a special challenging job for civil engineers  to 
develop DRMP in a site having fully susceptible to 
liquefaction with existing voids and caves underneath the 
subsoil created by old earthquakes, that  situated in a very 
high seismic zone (Zone V of IS:code of practices) with 
component of horizontal ground acceleration is 0.10g.  
3. All constructions of substructures were built as per 
suggestion of remedial measures with modern tools and 
technology. Hence, it is expected that there will not occur 
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Bayan G. Kakati and Kalita U.C. [1992]: Detail analysis and 
design of foundation for vibratory machine in weak soil of 
Assam. Proc. Indian Geotechnical Conference (IGC-’92), 











Figure A-1.  Seismic Activity Map of the Digboi Oil Field  
(Earthquakes considered during a period of 1906 to 1986) 
 
Seismic Activity. North eastern region (NER) of India is 
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seismically very active and was the seat of several large 
earthquakes in the past. The most important are being the 1897 
(M 8.9 R), 1950 (M 8.6 R) and 1988 (M 7.2 R) earthquakes. 
The proposed site also falls within the seismically active zone 
of NER of India. To examine the nature of seismic activity a 
list of earthquakes occurring within a radious of 200 km from 
the DRMP site during a period of 1906 to 1986, were prepared 
and presented accordingly. Figure A-1 represents the whole 
seismic activity within this period i.e. upto 1986 data.  
 
Considering the possible limitation of the accuracy and 
completeness of records in the past of the country the list seem 
to reflect the general behaviour of seismic activity. The data 
set for the last 24 years (1963-86) is more or less complete and 
was subjected to least square fitting, following the formula 
[Gutenberg & Richter, 1963-86] as below: 
 
1.  AEqbMaLogN   
 
where, N is the number of earthquake, M is the magnitude and 
‘a’ and ‘b’ are constants. After replacing the values of 
constants the formula becomes  
 
aAEqmLogN b .1.003.1703.6    
 
By using the above relationship, the return period for 
earthquake mb = 5.0, 5.5, …, and 7.0 were calculated and are 
given in tabular form in Table A-1. 
 
 
Table A-1. Estimated return period of different earthquake in 












Geology of DRMP site. Digboi is situated on low hills 
forming the northern end of the Tipam range, one of the foot 
hill range of the Naga hills. The geological structure of Digboi 
is characterized by sharp anticline south of the Naga thrust. 
The crest of the anticline runs in WSW-ENE direction and 
both the flanks having a dip of about 90
0
 and the southern 
flank shows variable dip upto the maximum of 60
0
 (Fig A-2). 
In the eastern sector the dip varies 30
0
 – 400 (Fig A-2). The 
hade of Naga thrust is 40
0
 – 450 from the vertical. The Naga 
thrust is not seen at the surface being concealed by alluvium. 





Fig. A-2.  Geological Map of the Digboi Oil Field  





Fig. A-3.  Sectional Map of the Digboi Oil Field through 
Digboi Anticline  [After Mathur and Evans, 1964] 
 
Estimation of Ground acceleration for DRMP 
 
In engineering design and construction seismic zone requires 
consideration of resisting the maximum stress developed due 
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to earthquake acceleration. Assessment can be made for 
different earthquakes which may affect the site and results 
used as guide for structural design criteria. Owing to the total 
absence of any instrumental data on ground acceleration for 
this region having DRMP site empirical formula connecting 
ground acceleration, distance of source and magnitude of 
earthquakes are used. For the proposed DRMP site it was 
computed the ‘a’ for : 
 
(1) An earthquake of magnitude M 8.6 R occurring about 140 
km away and  
 
(2) An earthquake of magnitude M 7.05 R occurring along 
fault 80 km away from the proposed site. For calculation 
the magnitude is taken as M 7.5 R. 
 
Acceleration ‘a’ is calculated by taking the well known Assam 
earthquake of 15
th
 August 1950 (M 8.6 R) and 26
th
 August 
1950 (M 7.05 R) as references, which were occurred at an 
epicentral distance (D) of 140 km and 80 km from the 
proposed DRMP site respectively. Hypocentral depth below 
surface for both is taken as 25 km. Thus calculation of ‘a’ with 
respect to these earthquakes using different empirical 
relationships is given in tabular form in Table A-2. 
 
(a) According to the formula proposed by Cornell the ground 






aLog   
 
Where   aAEqDMI .2.log45.245.116.2   , 
here M=8.6 and 7.5, D=140 km and 80 Km 
 
The estimated acceleration according to the equation Eq. A-2 
is 0.4g and 0.19g respectively (Table A-2). 
 
Similarly, following the above data the estimated acceleration 
according other well known different formulae were found out 
and tabulated in tabular form which are given in Table A-2.  
 
 
RECOMMENDATION FOR SEISMIC ACTIVITY 
 
From the geo-seismic analysis of foregoing consideration the 
following recommendations and observations may be made: 
 
 The most important geological structural features are the 
Naga thrust which passes north of the Digboi area. 
Though no earthquakes of large magnitude occurred in 
the vicinity of the proposed site along the Naga thrust, 
earthquakes of high magnitude occurred in other regions 
of the same thrust during the last thirty years. For 
instance, M 7 Richter earthquake of 26
th





E) may be mentioned. 
 
 Very few earthquakes of magnitude above M 5 Richter 
originated from the epicentral distance of 100 km from 
the DRMP site. 
 
 The available historical records of major earthquakes in 
the vicinity of the region is that of the 1950 Assam 
earthquake (M 8.6 R) which originated 140 km to the 
north-east of the then proposed DRMP site. According to 
the isoseimal map on the MM scale, the DRMP site 
appears to fall within isoseismal of VIII – IX. 
 
 The ground acceleration ‘a’ computed for the two 
reference earthquakes of M 7.5 R and M 8.6 R  are 0.12g 
and 0.09g. The average value of 0.10g corresponds well 
with the soil type III obtained for the DRMP site. 
 
 
Table A-2. Estimated values of ground acceleration for the 
structures of the then proposed DRMP as per various formulae 
 
According to the formula proposed 
Acceleration 









aLog   
Where DMI log45.245.116.2   
0.4g 0.19g 
















































by Gutenberg, Richter and Benioff:  
6.0  AEqFaa D , where 










  and  by considering 
















By using the Curves for ground 
acceleration and distance relationship 




Average acceleration for use: 
0.12
g 
0.09g 
 
